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Introduction.
Since the first observation of isobaric analogue states in the compound
nucleus ~1-7, the usual method to investigate these states with (p,n) re-
actions is the following. The proton energy is shifted in steps of the
energy resolution and the excitation function of the compound nucleus
is obtained by measuring the neutron yield as a function of the proton
energy. The energy resolution i8 given by the beam energy spread and
the target thickness; it lies in most experiments between 5 and 25 keV.
A higher resolution ( s 1 keV) can be achieved only with an additional
stabilizing device for the accelerator and a very thin target L:2-7.
In the present (p,n) experiments a thick target ( a few hundred keV for
2 MeV protons) was used and the neutron spectrum was measured by the
time-of-flight method. This spectrum gives the corresponding neutron
yield asa function of the proton energy (energy range = target thickness),
if the neutron energy is converted to the proton energy by addition of
the Q value of the (p,n) reaction (neglecting reduction of proton inten-
sity in the target). Neutrons which leave the residual nucleus in excited
states can be identified, if these levels are known and if the target
thickness is smallerthan the spacings between available levels, including
the ground state. The energy resolution of this method is independent of
the stability of the beam energy and the target thickness, and is given by
the time-of-flight spectrometer only. In the additional (p,y) measurements
the conventional technique as described above was used.
Measurements and Results.
In the present work the neutron time-of-flight spectrometer consisted
of a pulsed and bunched 3 MeV Van de Graaff generator (pulse length 1 ns,
peak current _ 8 mA, energy spread 2 keV) and a proton recoil detector with
a flight path of 10 m. In the proton recoil detector ~3-7 tow photomulti-
pliers (Valvo XP 1040) in coincidence were coupled to the plastic scin-
tillator (NE 102 A) in order to discriminate against multiplier noise and
to make measurements at low neutron energies (<:::lr30 keV) possible. The over-
all energy resolution of the spectrometer was 400 eV, 900 eV. 1600 eV
and 3150 eV for 100 keV, 200 keV, 300 keV and 500 keV neutrons, respective-
ly. This shows that the present spectrometer is most advantageous for
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the study of analogue states with excitation energies not too high above
the available level of the residual nucleus. The 59Co (p,n)59Ni reaction
produces neutrons of about 200 keV in observing analogue states of interest.
The energy resolution was<: 1 keV. However,inthe 51V (p,n)51Cr measure-
ment, in which the corresponding neutron energy lies between 400 and 1000
keV, an energy resolution of a fewkeV was achieved only.
Isobaric analogue states of 52v and 60Co in the compound nuclei 52Cr and
60Ni were investigated with the (p,n) reaction. Since the lowest expected
analogue states in both compound nuclei lie below the Q value~4-7, they
cannot be observed with a (p,n) reaction. However these states can be mea-
sured with an additional (p, y) experiment which, further, at higher ener-
gies, makes a comparison with the (p,n) measurements possible. The (p,y)
reaction was already used in ~5-7 to investigate analogue states in 52Cr .
For the present (p,y) measurements thin targets of natural Co and V (:::::.8 keV
and~10 keV thick for 2 MeV protons respectively) were evaporated on thin
tantalum backings. The y-ray intensity was measured as a function cf the
proton energy with a NaI crystal (diameter: 5 cm, thickness: 5 cm) coupled
to a photo-multiplier. The detector was shielded with lead blocks and was
placed perpendicularly to the target. The beam energy was measured with
a proton resonance device placed in the homogeneous field of the analy-
zing magnet and was calibrated at the threshold of the 7Li(p,n)7Bereac-
tion ~6-7 and at some weIl known resonance energies of the Al(p,y) reac-
tion L7J. The absolute proton energy scale was accurate to ±. 5 keV. The
beam intensity was controlled by a current integrator.
Fig. 1 shows the y-ray intensity measured as a function of the proton
energy for the 59co (p,y)60Ni reaction. The corresponding curve of the
51V(p,y)52Cr reaction is very similar to that given in ~5-7; however,
~eranishits curVe is shifted by about 20 keV to lower energies. Since
the energy resolution in ~5-7 is slightly better than in our (p,y) experi-
ment, for the comparison with the following (p,n) measurement, Teranishi's
curve is presented (Fig. 2). The y-ray intensity shows maxima at proton
energies whieh may be interpreted as analogue states of 60Co(5~) in 60Ni
(52Cr ) comparing the measured proton energies E exp (c.m. system) withp
the expeeted energies E eale, caleulated from the binding energy differen-p
cesA.BE f:4J, the Coulomb displacement energy liE and the excitation ener-
gies Eexc of the low lying states of 60Co (52v): c
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E calc =AE -ßBE + Eexc
p c
AE i5 given by the semiempirical formula l:8J
c
(1.444 ± 0.005) 21/ 3 - (1.13 : 0.04) ~eY7 3
A
(1)
(2)
where Z i5 the mean charge of the compund nucleus and its isobar. Eq. (2)
gives the following values:
J( E (9 013 0 070) MV f th 1 . 60N, 60C~ c = . :. e or e ana ogue palr l 0 3
4E
e
(7.96 : 0.070) MeV for the pair
The low lying states of 60Co (5~) are known from the (d3P) reaetian L-2t7
(/107) and from recent (n3y) experiments /117 (/127). The expected energies
E-eäl are obtained using mean values of t~e-(d3~)-and (n3y) data. Theya~e listed together with the experimental values E exp far 60Co and 5~ in
, exp Peal
table 1 and 2 respectively. The dlfferenee E -E varies more thanp p
: 10 keV for those states onlY3 whieh are diffieult to identify or for
whieh Eexc is inaecurate (discrepancies in the (d3P) and (n3y) data).
The Coulomb displaeement energies were obtained experimentally using the
first analogue states (peak No 1) observed in the (P3Y) measurement
(Eexc = ° in Eq. (1»; the results:
6 E
c
(9.085: 0.020) MeV for the analogue pair 60Ni 60CO 3
and ~Ec = (8.075 + 0.020) MeV for the pair
The error is given mainly by the uncertainty of the binding energy dif-
ferences /-47. Both values lie slightly higher than the caleulated ener-
gies (Eq.-2)3 given above. However3 for 5~3 LiE agrees with the value
obtained by Teranishi ~5-7 within the aecuracy ~nd for 60C03 for which
no experimental data exist at present 3 ~ E lies between the values of thec
neighbouring nuclei 56pe3 59C03 65Ni (Fig. 3). In Fig. 3 all hithe:to
measured data of .6. E in the range 47 < A <773 obtained by ß decay mea-
c - ~
surements and by isabaric reactions are summarized ~13-7 tagether with
the present values for 60co and 5~.
For the (P3n) measurements thick targets of natural Co and V were used.
The Co target (~200 keV thick for 2 MeV protons) was prepared by electro-
plating on a tantalum baeking. The V target was a 10/U thick V foil
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(commercially obtained by Heraeus Hanau)pressed on a tantalum backing.
The neutron spectra were measured at different proton energies in steps
of the target thickness with an overlap of about 10 %of a step. The
absolute proton ener'gy scale was accurate to ±. 5 keV. The uncertainty
consists principally of the uncertainty of the Q value. The (p,n) mea-
surements have been corrected for the background and for the energy de-
pendent efficiency of the detector. Fig. 4a shows a 5geo(p,n)59Ni cross
section measurement in the range of 2.09 to 2.)0 MeV proton energy~ using
neutrons which left the residual nucleus 59Ni in the ground state. The
mean energy resolution is 800 eV.
The cross section shows a fine structure superimposed on a gross structure.
For a better identification of the latter~ the measured curve was folded
into a Gausslan with a width 6 E which must be large in comparison with
the width of the fine structure and still small enough not to deform the
grass structure. It has been found that the averaged curves are practi-
cally independent of bE within the range 6.E = 6 to 12 keV. Fig. 4b shows
the 5geo (p,n)59Ni cross section versus proton energy as averaged with
.tJ. E = 8 keV. It is expected that the positions and the shape of the re-
sonances must be the same for the (p~n) and (p,y) reaction~ since an ana-
logue resonance is dominated by the proton channel. The positions of the
peaks 6,7 and 8 in Fig. 4b agree excellently with those observed as single
peaks in the (p,y) measurement (Fig. 1 and table 1) and the resonance
shapes in both measurements are similar. With the neutron time-of-flight
method the fine structure within the analogue resonance peaks has been
resolved as seen in Fig. 4.
Fig. 5a shows a 51V(p~n)51er cross section measurement in the range
of 1.9 to 2.36 MeV proton energy using neutrons whichleft the resi-
dual nucleus 51er in the ground state. The energy resolution lies bet-
ween 1.7 and 5 keV. The averaged curVe (Fig. 5b) (A E = 5 keV) was prac-
tically independent of .d E in the range .6. E = 3 ... 15 keV. Due to the poor
energy resolution at higher energies ther.e is nodiff'e:rence~:RetWeen{cthemea-
sured and the averaged curve above 2.3 MeV.
The peaks No 8 to 12 in Fig. 5b correspond to maxima in the (p,y) yield
(Fig. 2). While the positions of the peaks in both curves agree satis-
factorily, there is a slight difference of their amplitudes (i.e. peak
8 and 11).
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Summary
The neutron time-of-flight method was used to investigate the cross
section of the reactions 59Co (p,n)59Ni and 51V(p,n)51Cr. The cross
section shows a fine structure superimposed on a gross
peaks of the latter are interpreted as analogue states
52v in the compound nuclei 60Ni and 52Cr respectively.
cross section measurements on 59co and,51V served as a
structure; the
60
of Co and
Additional (p, y)
check and were
also used to determine the Coulomb displacement energy.
We wish to thank Prof. Dr. K.H. Beckurts for his suggestion and for
his interest in the present measurements.
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Table 2 Isobaric analogue states in 52Cr
States in 52V
Analogue states
measured in proton
energies (e.m.
system)
Peak No.
(d,p) L10J (n,y) C12J J Ecalcp EexPp Eexp_Ecalcp p
/.J.eiJ
t'- o
0.020
0.146
0.434
(0.768 )
0.789
0.837
0.873
(1.287)
1.414
1.488
1.556
1.577
1.732
1.756
o
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0.146
0.431
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0.841
0.873
1.280
1.406
1.434
1.550
1.557
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1.525
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2•265.;t0 .005/1 (p ,n)
2.301 measure-
ment
2.469
2.450
114
107
104
95
92
104
108
152
96
125
82
1
2
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6
7
8
9
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Figure Captions
Fig. 1 Gamma-ray yield as a function of the proton energy from the
59Co (p,y) reaction
in the rangezas a function ofAE c
Fig. 2 Gamma-ray yield as a function of the proton energy from the
51V(p,y) reaction ~5_7
. Al/3Fig. 3
z
47 ~ A ::;; 77 for those nuclei, for which the Coulomb displace-
ment energy is known with an accuracy of better than 50 keV.
The nucleus specified is the member of the analogue pair having
the higher neutron excess.
Fig. 4 Neutron yield as a function of the proton energy (energy resolu-
tion ,..",800 eV) for the 59co (p,n) reaction
a) measured
b) averaged with 6 E = 8 keV
Fig. 5 Neutron yield as a function of the proton energy (energy resolu-
tion 1.7 - 5 keV) for the 51v(p,n) reaction
a) measured
b) averaged with A E 5 keV
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